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A component (10) for use in manufacturing articles, such as printed circuit boards, comprising a laminate constructed of a sheet of
copper foil (20) that, in a finished circuit board, constitutes a functional element, and a sheet of carbon steel (14) having a layer of an inert
metal (16) thereon, the sheet of carbon steel (14) constituting a discardable element. One surface (22) of the copper sheet (20) and the
surface (18) of the inert metal layer (16) on the carbon steel sheet (14) are essentially uncontaminated and engageable with each other at
interfaces. The copper sheet (20) is attached to the inert metal layer (16) of the carbon steel (14) at their borders and defines substantially
uncontaminated central zones inwardly of the edges of the sheets that are unjoined at the interfaces.
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copper foil. The protective netallic substrate remains attached to the
copper foil as it Is attached to the pre-preg or bonded to the other

| ayer of co r i L. The protective 25 nmetallic substrate i )
subsequentl3|%9r8e00rr’é€dés and di scarded (or recycled) to expose thepccm"89.8/23545
protected, uncontam nated side of the foil for processing to formthe
conductive pat hways. U S Patent No. 5,153,050 to

Johnst on di scl oses a copper/al um num coppe | am nat e wherein the

shiny side of a copper foil is bonded along its peripheral edges to 30 an
al uni num substrate. U. SCQMPQNENE.OE,W{%@Q QHQQU BOARDE t her di scl oses

" securing copper foil to a netalli Cga@?&%tlﬁlz ﬁ“gh as a steel or a
stainl ess steel substrate. U S . 9,512,381 to Konicek et al.
‘di scl oses securi nTheopfgént! dhvention arelatepegenerally tobptingde circuits, and moWD

00/ 25961 _
PCT/ US98/ 235paticularly, to components used in the manufacturing of printed circuit boards and

Each of tshe {)t%le%ic{g structures uses a relatively expensive material,
e.g., al'um num stainless steel and copper, to formthe di sposabl e,

protective substrate. In adBadkgeoundefitheInvestiowf such materi al s,

copper and alum nym.are relativ . soft. netals that are_susceptihle to
i mge transfer duf meﬁ?ﬂf?ﬁﬁeﬁl%?“?ﬁu‘?‘fqmtlw’ sherisok capper il are tYPIC“*blY

particularly i iBfEkiatl erﬂ?@r'iiﬁfl khed I %ﬁéini:?% A eel
Is a st rongel?(?IIdea tg%e{ha{&it?%alh?%oppe or §’Ial um ?ﬂ%}x?an posSsesses ?t%sélag
corrosion refibert ¢sncle andielestritr Jayen is conveationallycreftrsed tmias an*pre-preg?).chp ther
foil s hel%t" Iﬁsam?fatr:t?ég loi' ’copS;;[ef“1 Icpaldeﬁasxmsi;[a e%,l slIeIe&dgf copper foil are typically bonded to
another layer of foil. In both processes, the copper foil is etched to produce

conductive paths. In such processes, it is extremely important to avoid contamination
of the copper foil sheets in that any foreign matter contacting the copper foil, such as
resin dust, fiberglass fibers, hair, grease, oil or the like, may result in dots, dents,
15  deposits or pits on the copper foil that can adversely affect the formation of the
conductive paths forming the printed circuits. '
Copper foil is conventionally formed by an electrodeposition process.
Following the production of the copper foil, it is known to secure a metallic substrate
to one side of the copper foil to protect that side of the copper foil from contamination
20  during subsequent handling and shipping. The protected side of the copper foil is
typically the side used to form the conductive pathways, while the exposed side of the
foil is typically the side that is attached to a pre-preg or bonded to another layer of
copper foil. The protective metallic substrate remains attached to the copper foil as it
is attached to the pre-preg or bonded to the other layer of wppér foil. The protective
25  metallic substrate is subsequently removed and discarded (or recycled) to expose the
protected, uncontaminated side of the foil for pfocessing_ to form the conductive
pathways. |
U.S. Patent No. 5,153,050 to Johnston discloses a copper/aluminum/copper
laminate wherein the shiny side of a copper foil is bonded along its peripheral edges to
30 an aluminum substrate. U.S. Patent No. 5,674,596 to Johnston further discloses
securing copper foil to a metallic substrate, such as a steel or a stainless steel substrate.
U.S. Patent No. 5,512,381 to Konicek et al. discloses securing copper foil to a copper

substrate.



advant ageous application at higher | am nating tenperatures and pressures.

However , corrosion resistance and hi gher strength of stainless steel
cone at a pr| pically, 10 stainless steel sheet is evenpipy -
expensi ve t Y °°@5g%er and al um num sheet . The prh‘ésentg"wz"'545 '

I nvention provides a conponent for manufacturing printed circuit

boards that has a copper foil protected by a netallic substrate, wherein
the metallic substrate has the corroSion resistance of stainless steel
at a significantly reduced cost. Sunmary
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15 In accordance with the present invention, there is provided a component for

use in manufacturing articles such as printed circuit boards. The component is
comprised of a laminate constructed of a sheet of copper foil that, in a finished printed
circuit board, constitutes a functional element, and a sheet of carbon steel having a
layer of an inert metal thereon. The sheet of carbon steel constitutes a discardable

20 element. One surface of the copper sheet and the surface of the inert metal layer on
the carbon steel sheet are essentially uncontaminated and are engageable with each
other at interfaces. The copper sheet is attached to the inert metal layer of the carbon
steel sheet at its borders to define substantially uncontaminated central zones inwardly
of the edges.

25 In accordance with another aspect of the present invention, there is provided a
sheet of copper foil for manufacturing multi-layer laminates comprising a sheet of
copper foil having a thickness greater than about 5 microns. The copper foil has a first
surface adapted for adhering to a fiber reinforced polymer layer, and a second surfacer
to be exposed after the first surface is adhered to the fiber reinforced polymer layer. A

30 protective sheet of carbon steel having a thickness of about 0.05 mm to about 2.0 mm
is provided. The carbon steel sheet has a layer of chromium with about 0.1 grams/m’

to about 10 grams/m? electrodeposited on its surface. The layer of chromium engages
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defi ni ng ubstantially uncontam nated central zones. It

I s an obj ect of the present invention to provide a conponent having a
copper sheet for use in nanufacturing articles, such as printed
circuit boards, and a netallic substrate to protect a surface of the

heet. bef d
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descri bed above wherein the inert netal 1s chromum 15
anot her obj grocess. t he present invention to provide a conponent as

descri bed above that | t # SSi

appl i cations. fq %n—?ﬁ@r &5{:&1 %'P?h k"g&eﬁte%@%ftgt%%eie‘% | nven?sl on

i s to provi Rs@ite@ngovenivh@sin the mealliy nilataebisve relativaly lowhmst)i discardibld e

metal lic substrate has a coefficient of thernal expansi on
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Obj ect of the present |nvent nis to provide a conponent as

descri bed ahieseribsdesbeiva wheseinethe imhétallic substraie as formednfnearboresteeimndubascinas a

press

outer layer of an inert metal thereon for engagement with the copper sheet.

It is a further object of the present invention to provide a component as
described above wherein the inert metal is chromium.

15 It is another object of the present invention to provide a component as
described above that is suitable for high temperature procgésing applications. |

A still further object of the present invention is to provide a cbmponent as
described above wherein the discardabie metallic substrate has a coefficient of thermal
expansion approximately equal to the coefficient of thermal expansion of press plates

20 used in forming laminated circuit boards.

A still further object of the present invention is to providé a component as
described above wherein the metallic substrate is dimensioned and used as a press
plate in a circuit board forming operation. | |

These and other objects will become apparent from the following description

25  of a preferred embodiment taken together with the accompanying drawings and the
appended claims.
Brief Description of the Drawings

The invention may take physical form in certain parts and arrangement of-

parts, a preferred embodiment of which will be described in detail in the specification
30 and illustrated in the accompanying d_rawings. which form a part hereof, and wherein:

FIG. 1 is an enlarged sectional view of a component used in forming articles

such as printed circuit boards, illustraﬁng a preferred émbodiment of the present

invention; and



plate in a circuit board form ng operation. These and ot her

objects will become apparent fromthe follow ng description 25 of a
preferred eglydiesit taken together with the acconpanyi ng dr ap¢fipSospiasst he.-
appended cl ai ns. Brief Description of the
Dr awi ngs The invention may take physical formin certain parts
and arrangenent of parts, a preferrgd enbodi ment of which will be
described in detail in the speC|f|cat|on 30  and illustrated in the
acconpanyi ng draw ngs .wWhi ch f t her eof. wherein

FIG 1is an enl \ﬁlé § 13 écﬂm ﬁ@g%fm%pE’Gr?BSWe‘r‘fa 15’95{?‘1 ﬂfﬂlﬁ?ﬂwmm
articles "ﬁﬁ printed circuit boards, illustrating a preferred
enbodi nment ol? e present i nventi on; and WO 00/ 25961
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FIG 2 is a partﬁ% sec{!:t% eldrawxggsowﬁgremtﬁwsﬁowﬁlgpg 3lﬁ‘ﬁ&g{e+ggﬁemd

corrponent

Descri pt4 onebofintdn® bf @k HVeRIn®11lY, and not for the purpeéebf naﬁuﬁgmam FIG: 1
drawi ngs wherein the showing is to illustrate a preferred enbodi ment

of the i nveshownha componenh}0 fastuse in rrméfagwnps geticles suchqas pﬁgtegmmt ibpezds,|

cirouit boaleaaing & btfrtiArwhbodlBia OF Wk bRAGR kivehon " 6 i eRbadinelt.

i nvention. kiovdecoua@nt®0tis comprised of a metallic substrate, designated 12, having
~ copper sheets, designated 20, attached thereto. Substrate 12 is comprised of a metallic

Ji
)

10 sheet 14 having thin layers 16 of an inert metal formed on the surfaces thereof.
In accordance with a preferred embodiment of the present invention, metallic
sheet 14 is comprised of conventional, mild carbon steel. Carbon steel sheet 14
preferably has a thickness of from about 0.05 mm to about 2.0 mm, and more
preferably, has a thickness of -from about 0.1 mm to about 0.3 mm. Layers 16 of inert
15 metal on sheet 14 are preferably selected from the group consisting of nickel, copper,
cobalt, brass, chromium, antimony, cadmium and combinations thereof. Ina preferred
embodiment of the present invention, layer 16 is comprised of essentially pure
chromium. Chromium layer 16 preferably has a thickness of from about 0.1 gram/m?
to about 10 grams/m?, and more preferably, has a thickness of from about 2.0
20 grams/m’® to about 4.0 grams/m’. Chromium hyer 16 may be deposited through a
number of various conventionally known techniques, such as wet chemical deposition,
autocatalytic deposition, chemical vapor deposiﬁon, e.g., evaporation or sputtering,
ion bombardment or electrolytic deposition. In a preferred embodiment of the present
invention, chromium layer 16 is electrolytically deposited on carbon steel sheet 14. In
25 a preferred embodiment, carbon steel sheet 14 has a Rockwell 30-T hardness of
between about 40 and about 60, a tensile strength of between about 390 newtons/mm’
and about 440 newtons/ mm?, a thickness of about 0.18 mm, and chromium layer 16 is
about 2 gra.ms/mz.
In accordance with the present invention, carbon steel sheet 14, with the
30 chromium layers 16 thereon, has a width approximately equal to the width of copper
sheets 20 to be attached thereto. Surface 22 of copper sheet 20 that is ultimately to be
exposed and- etched into a printed circuit is placed facing surface 18 of chromium - -

layer 16 of carbon steel sheet 14. Surface 18 of chromium layer 16 is cleaned so as to



shown, conponent 10 is conprised of a netallic substrate, designated 12,
havi ng copper sheets, designated 20, attached thereto. Substrate 12
i's conprisggoQbnssietal lic 10 sheet 14 having thin |ayers 16peiryaeshisast
metal fornmed on the surfaces thereof. In accordance with a
preferred enbodi nent of the present invention, netallic sheet 14 is
conpri sed of conventional, mld carbon sgeel. Car bon steel sheet 14
preferably has a thickness of from about 0.05 mmto about 2.0 nm and nore

preferably, has a thjckness.of. from ahout 0 u : s 16
of inert 15be fhstAntighly cpptam a&mgrlgeeprgf)gpegbﬁog} s?é‘ﬁé%@%gfa&%%ﬁ%}géﬁ%ﬁ
consi sting ffeNj&kebubskARPEY such that infepidr lportidtisastthe Ehding sufaces v ishesty 20
cadm um and cConbi nati ons thereof In a preferred enbodi ment, of _t he

present i nvanetsubstantialiye nncoptanainatsdini a; tagion 30sinwardly frgmrdes portions 32 of

ar anf  or r] sheets 207, MOYE SRS, Ciriat thedfi20'sle beElthBSY alpel B Rbfte 121
t hi cknesss ofn {HeORLARGUT éage pdRtionsy32 by /ai] ibiekive Gradipadhedive-lijeanmteniab (ndt.
e

Chrom um | ayer 16 may be deposited through a | nunber_of v riou2's
convent i onashomwmn Sueh materialymey inclyderadhesiyes, resianortapes) eRRPCE shists 20 may

aut ocat al yt| epasi tien, ) p dﬁf&ﬁh Haly : iaRe iRk i or
sputtering, a]%o(ge aﬁ'ﬁ?ﬁ%%&b’%%%%@ﬁ%ﬁ%f %’E:c’[hr ol yti éilng’eg%fgfﬂfi‘l%n& ?ﬁ a pr Zl?gr red
embodi ment  gfeférfddl BbGEiRtent of therpresent dnventionp beads bfiyee fletible adhesive (not

el ectrolytically deposited on carbon steel sheet 14. .In 25. 2328{rbieferred

enbodi nent , shawmegonveatipnallyckaown ity the artgreapplied 3p_edgs POFHANS copper
bet ween, abo lal bet ween about 390
}(ﬁn{ éﬁerefg%@ﬂﬁ %ﬁ%ﬁatg(i‘g to &e e sﬁmé;tﬁ Egr‘{f%élp]&f

newt ons _ out 440 newtons a thickness of about
0.18 mm and chr Qe presentyiaveritionithus provide awontpopenintl for forming circuit boards

In accordance with {he present, i nventi on, b t 14, with th
30 chromi uf¥ pthe adicles t?‘ﬁ%%“@ es ﬁégpaﬂvaq’ﬁﬁ%ﬂg?%% Eﬁk’&%‘g \ ?\émot er'c
width of coppgy g acébf%Féolt?%rﬁgeéiqoah&qs i e LRBhAER: exPosédatl &2haf bgapper

sheet 20 that 1s ultimtely _ exposed and etched into a printed
circuit is firmingpfomessig pwatedted by agelativeliingnpgnsive metallig substgiet2 ayinga -

steel S{? e thjixAi 'layse¥ rlfﬁa&e anlﬁxelgtfmgth 82 Thh&Y&re 13 cj;tscé(i'{)gx?%gl. S@h&Sndrd metal

protects surface 22 of coppei' 20 from corrosion conventionally associated with
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ordinary carbon steel. At the same time, the carbon steel core 14 of metallic substrate

12 provides the strength of steel, at significantly less cost than using stainless steel

sheet. Importantly, the carbon steel core 14 has essentially the same coefficient of

20 thermal expansion as the press plates that conventional, multi-opening presses use in

forming printed circuit boards. Thus, the laminated structure to be formed with copper

sheet 20 is disposed between two materials having the same or similar coefficients of

thermal expansion, i.e., the press plate and substrate 12. This provides a more uniform

distribution of stresses in the laminate during the heating and compression steps of

25 processing. In addition, the use of chromium as a protection layer on the steel allows

for higher processing temperatures when using polymer materials requiring higher
setting temperatures.

The foregoing description discloses preferred embodiments of the present .

invention. It should be appreciated that the embodiments are described for the

30 purpose of illustration only, and that numerous alterations and modifications may be

practiced by those skilled in the art without departing from the spirit and scope of the

invention. It is intended that all such modifications and alterations be included insofar

as they come within the scope of the invention as claimed or the equivalents thereof.
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interior portions of the facing surfaces of _
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3. A component as defined in claim 2, wherein said inert metal is
chromium.

4. A component as defined in claim 3, wherein said chromium layer has a
thickness of about 0.1 gram/m” to about 10 grams/m>.

5. A éomponent as defined in claim 4, wherein said chromium layer has a
thickness of about 2.0 grams/m? to about 4 grams/m?.

6. A component as defined iﬁ claim 3, wherein said chromium is.

electrolytically deposited on said carbon steel sheet.

7. A component as defined in claim 3, wherein said chromium is vapor

deposited on said carbon steel sheet.

8. A component as defined in claim 1, wherein said carbon steel sheet has
a thickness of about 0.05 mm to about 2.0 mm.
9. A component as defined in claim 4, wherein said carbon steel sheet has

a thickness of about 0.1 mm to about 0.3 mm.

10. A component as defined in claim 1, wherein said copper sheet is .
attached to said inert metal layer by an adhesive along edges of said copper sheet and
metal layer of said carbon steel sheet. '

11. A protected sheet of copper foil for manufacturing multi-layer

This Sheet Has Been Replaced

T

laminate, comprising: : N



thermal expansion, i.e., the press plate and substrate 12. This provides a-
nore uni form di stri but I;)Hﬁmlm F""ﬂmu the |l am nate during the .
heating andV@8Mpi®8Lsi on st ep'dikAl | ing. In additi oPCHYNBAIMSof _
chromium as a protection |ayer on the st &el "al | ows for higher
processi ng tenperatures when using polyner materials requiring higher
setting tenperatures. The faregoing descri ption discl oses
preferred enbodi nents of the present i nvention. It should be

appreci ated that the éjbodiansheetsoficapper $ait havidg faothi¢kness3 Breatep WidpOstoud (s
illustration onl and that nunmerqus alterations and npdifications may be
practi ced bynxmsgba‘gkw|ﬁ=!ér$'-ﬁfua9ﬁégﬁnt W&%ﬁ@ﬁﬂn&lébébﬁmgnﬂor%mmym and
scope of th ' | [ oadeSied EﬁE!P' tfﬂ?tt i,fications and
alterati onsgtbdeaisr?%+t{t%e a+‘=%sr18fdaere}h’%s'é’{las t%%)l/ con%‘ﬁ\k;\znlcfeﬁg%ﬁp%ggs%gﬁ@ § “t he

i nvention afeisfordedpdlymertliyerequi val ents t her eof . :
6 1 A conmponent for lége i,n manufacturing articles, such
c

as printed circuit ' on)ds, a_RF_BWBPY%F‘H’_ﬁF P@Rﬂrr‘é?% haymg; 3 taickness pf abawteet
of copper fgigh niidh abdut 290 find) 'saidGHrtYn! shlet Sheet ﬁE\Hh§ a layer of chromium of about

0.1 gram/m? to about 10 grams/m’ electrodeposited thereon, said layer of chromium
covering said second surface of said copper sheet and being attached thereto in a
manner d?ﬁning substantially uncontaminated central zones.

12. A sheet as defined in claim 11, wherein said copper sheet is attached to
said carbon steel sheet along said layer of chromium by adhesive along edges of said

sheets.
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board, constitutes a functional elenment and a sheet of carbon steel having
a thin layer of chromumnetal thereon, said sheet of carbon steel

consti t uti NYON0@sWear dabl e el enent, one surface of the coppé’fCTéq*ﬁ@w-‘&ﬁd

t he surface of said chrom um netal er, t he carbon gtl@el sheet bei ng
essentially uncontam nated and engag ab(e ith each otMer at interfaces,
sai d copper sheet being attached to said chromumnetal |ayer of the
carbon steel sheet at jts borders and defining a substantially

uncont am nat ed central zoner invvarldly of th¢ edges of thg sheets and

unjoined at the interfhces. 2. A gonponent as defined in claiml,
wherein said chrom umﬂayer has althi cKnéssi|, of dabo 0.5 graninferr] to
about 10 grans/nferr]. : 3 A conponent as defingd in claim?2,
wherein said chrom um] ayer has alt hi ckness |} of about! 2.q grans/nferr] to

about 4 grans/nferr]. 4. A conpongnt as d claim 2,
wherein said chromiumls el ¢gtrol ytically dgposit ai d,gcarbon st eel
sheet . 530/’/.?’00@0 ent @s defined {n claimj2, r(!: n said

chrom umis vapor depopited gn said carbon §teel
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A cdnponent as defined in claim 1, \/\herel n said carbon steel sheet has a

t™hi ckness of about 0.05 mmto about 2.0-mm
7 7. A component as defined in claim 2, wherein said carbon

steel sheet has a thickness of about €. 1 nmto about 0.3 mm 8.
A conponent as defined in ¢l'aim 1, wherein said copper sheet is attached to

said chrom um net al Iaymw\é_e\tﬂong edges of said copper sheet
and netal |ayer of said m n steel shee .. A protected sheet

of copper CLAIMT or manuf act iisu Iﬂ”mmm | ami nate conpri si ng:
ess greater than about 5 [err]m

(a) a sheet of copper foi
and

| 1. A component for use in manufacturing articles, such as printed circuit boards,
comprising: a laminate constructed of a sheet of copper foil that, in a finished printed circu:it
board, constitutes a functional element and a sheet of carbon steel having a thin layer of
chromium metal thereon, said sheet of carbon steel constituting a discardable element, one -
surface of the copper sheet and the surface of said. chrommm metal layer on the carbon steel
sheet being essentially uncontaminated and engageable with each other at interfaces, sald copper
sheet being attached to said chromium metal layer of the carbon steel sheet at its borders and U
. defining a substantially uncontaminated central zones inwardly of the edges of the sheets and
unjoined at the interfaces. |
2. A component as defined in claim 1, wherein said chromiuin layer has a thickness-
of about 0.1 gl;am/m2 to about 10 grams/m>. | |
3. A component as defined in claim 2, wherein said chromium layer has a thickness
of about 2.0 grams/m” to about 4 grams/m>. |
4. A component as defined in claim % wherein said chromium is electmlyticall&
deposited on sai& carbon steel sheet.
5. A component as defined in claim 2, wherein said chromium is vapor deposited on
said carbon steel sheet. | |
6. A component -as defined in claim 1, Whérein said carbon steel sheet has a -

thickness of about 0.05 mm to about 2.0 mm.
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havwg a first surface adapted for adhering to_fiber reinforced polymer
1 ayeT and a second surface to be exposed after said first surface is

adhered to said fiber reinforced polynmer |ayer; m ) a

protective sheet of carbon steel havindg a thi cer mu '"Jm”mmm mm t o
about 2.0 nm said carbon steel sheet having a |ayer® ot chrosi wn of about
0.1 graninferr] to about 10 grans/nferr] el ectrodep03|ted -t hereon, said
| ayer of chrom um covering said second surface of said copper sheet and

being attached thereto in a manner defining substantially uncontamnm nated
central zodes. A component as defipeddn claimy % jwherein,said ¢asben stqel sheet bas @
copper sheet is attached to said carbon steel sheet aI ong said | ayer of

chr onthickrdegs ofdbont 04 minwogbeng®:3 nh. sai d sheet s.
8. A component as defined in claim 1, wherein said copper sheet is attached to sa1d :
chrommm metal layer by an adhesive along edges of said copper sheet and metal layer of sald
carbon steel sheet.
9. A protected sheet of copper foil for manufacturing multi-layer laminate, .
comprising:
(a) a sheet of copper foil having a thichess greater than about 5 um and
having a first surface adapted for adhering to fiber reinforced polymer layer and a second surface
- to be exposed after said first surface is adhered to said_ fiber reinforced polymer layer;
| (b)  a protective sheet of carbon steel having a thickness of about 0.05 mm to
about 2.0 mm, said carbon steel sheet having a layer of chromium of about 0.1 gram/m? to about:
10 grams/m’ electrodeposited thereon, said layer of chromium covering said second surface of
said copper sheet and being attached thereto in a manner defining substantially uncdntaminated
central zones.
10. . A sheet as defined in claim 9, wherein said copper sheet is attached to said

carbon steel sheet along said layer of chromium by adhesive along edges of said sheets.
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